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Bridge· related accidents, particularly involving severe accidents, were significant

percentages of the total accident experience on interstates and parkways.
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3. The severity of bridge·related accidents was higher than the severity of all

accidents,

4. The severity of bridge-related accidents on primary and secondary highways was

almost identical to the bridge·rclated accidents on the interstate and parkway systems.

5. Coll isions with entrance posts resulted in more fatal accidents than other

accidents involving. bridge structures.
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very limited number of accidents involved earth mounds. Further d evelopment of earth
mounds may be watnnted.

8. Openings between parallel bridges on divided higl1ways create a recognized

hazard.

9. The high percentage of nighttime accidents suggests a problem with visibility

of the structure.

10. An exceptionally high percentage of accidents occurred during snowy or ky

conditions.

II On primary and secondary highways, several fatal accit!ents occurred at bridges

with curved approaches.
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INTRODUCTION

accidents
Any fixed object or structure within the possible
trajectory of an out-of-control highway vehicle is likely
of

probability

Grade-separation structures
crossroads,

over

streams,

or

improbability.

{bridges) at interchanges,
railroads,

etc., which are

A-injury. The roadway and

were also noted.
A computer printout of information on all the

to be impacted at some point in time -- time being an
expression

were fatal or

environmental conditions at the time of the accidents

bridges on the interstate and parkway system was used
in

determining

underpasses,

the

percent

number
of

of

overpasses

overpasses
with

and

full-width

intended to provide greater convenience and safety,

shoulders, percent of underpasses with no median pier,

otherwise involve features which either obstruct the

and average clearance to the median and shoulder piers.

range of free travel or serve as containment barriers.
Design concepts and standards are evolutionary. The
Federal Highway Administration now requires, as a part

RESULTS

of a bridge inspection program, additional information
from the states relative to features which affect traffic

INTERSTATES AND PARKWAYS
Number

safety (1 ). Information on bridge railings, transitions,
and approach guardrails and terminals is being collected.

of

Bridges - As of the end of the study

period {1973) there were approximately 350 overpasses

This program demonstrates concern for the accident

and 360 underpasses on the interstate and parkway

potential associated with highway bridges. The objective

system. Dual bridges were counted as one. About 35

of this study was to identify those principal features

percent

of bridges and appurtenances which may be related to

(Figure 1). From accident reports, it was found that

of

the

overpasses

had full-width shoulders

accident frequency and severity and to provide some

approximately ten percent of the overpass accidents

further insights toward highway safety.

occurred

on those overpasses which had full-width

shoulders. Ninety-eight percent of the underpasses had
a pier in the median {Figure 2). The average clearance
PROCEDURE

to the median pier (measured from the left edge of the
roadway) was slightly over 19 feet {5 meters). This

To study those accidents which involved bridges

average is somewhat invalid inasmuch as it combines the

(underpasses and overpasses), reports on file with the

normally wider medians of interstate routes (usually 60

state police were manually searched and a copy made

feet {18 meters)) with narrower and variable medians

of each report identifying a bridge being involved. These

among the toll roads. The desirable clearance from the

records pertain principally to accidents in rural areas.

right-hand edge of the roadway to the shoulder pier

In this study, interstate routes and parkways (toll roads)

should be 30 feet (9 meters). This was the case for only

were grouped together and analyzed as one system;

about eight percent of the underpasses. The average

accident

lateral clearance rightward was slightly more than 14

records

and

total

accident

statistics were

compiled for the two-year period 1972-1973. Fatal

feet (4 meters).

Number of Accidents

accident data for the primary and secondary systems

-- A summary of interstate

I.

covered the same twouyear period; however, non-fatal

and parkway accidents is given in Table

accident summary statistics were compiled for one year

percent of all accidents involved bridges. Of the 438

Almost eight

{1972) from 42 counties. Accidents which occurred on

accidents

unclassified and non-state-maintained roads were not

underpasses. Over 14 percent of all fatal-type accidents

specifically excluded. Data from the accident reports

involved bridges while over 17 percent of all fatalities

were summarized and analyzed. A computer program

involved bridges. Over eight percent of the injuries were

was used to

obtain the total number of accidents,

involving

bridges,

only

31

involved

in accidents involving bridges. These percentages show

injuries, and, fatalities which occurred during the period.

that

The accidents were divided into several types, and the

portion of the total accident experience and a significant

bridge-related

accidents

comprise

a

significant

severity of each type was determined by means of a

portion of the more severe accidents. The severity index

severity index (Sl) (2). Fatal and A-injury {the most

of bridge-related accidents was 3.24 compared to 2.75

severe injury type) accidents were grouped together as

for all accidents.

B- and C-injury accidents. The smallest possible
value for the Sl is 1.00 if all accidents were property

were

Figure 1.

Overpass with Full-width Shoulder.

Figure 2.

Conventional Underpass Design.
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ALL

ACCIDENTS
5728
194

239

3937
2.75

Types of Accidents - A summary of the types of
accidents and their severity is given in Table 2.
Discussions of each type of accident follow.
Collision with Bridge Pier -- This type of accident
resulted in six fatalities during the two-year study
period. Five of the fatalities occurred where there was
no safeguard about the piers. Of 14 accidents involving
bridge piers, there were three fatal, nine injury, and two
non-injury accidents. Severity was reduced significantly
when the pier was shielded with guardrail or an earth
mound (3). A very limited number of accidents involved
earth mounds (Figure 3). Two reported accidents at
earth mound locations were non-injury. (Note: Very
recently, an automobile struck the front end of an earth
mound at the north end of the Pennyrile Parkway,
vaulted into the air and impacted the median pier; there
was one fatality.) Accidents involving guardrails at
bridge piers (Figure 4) indicated there are some
continuing problems with this method of diverting
vehicles away from bridge piers because of ineffective
guardrail end treatment. Of the 11 accidents involving
guardrails at bridge piers, there were one fatal and six
injury accidents. In the fatal accident, the vehicle
mounted the approach end of the guardrail, became
airborne, and impacted the shoulder pier. In another
accident involving a severe injury, the vehicle became
airborne and hit the center pier. In two other accidents,
vehicles hit the shoulder pier after first mounting the
end of the guardrail and then going over the guardrail.
In the remaining severe-injury accident, the vehicle hit
the guardrail ahead of the center pier and overturned.
In the remaining six accidents, the rail prevented vehicle
penetration.
Gap Between Bridge Openings -- Of five accidents
involving a wall built to close the gap (Figure 5), there

NUMBER
438
28
41
333
3.24

PERCENT OF
ALL ACCIDENTS

7.6
14.4
17.2
8.5

were three fatal-type (resulted in eight fatalities) and
two injury-type accidents. Bushes had been planted
ahead of the wall to retard encroaching vehicles at two
of the accident locations, but one of the two accidents
at those locations still resulted in a fatality.
Guardrails ahead of the gap were found to be only
partially effective; the newer and longer rails (Figure 6)
are much better than the short sections previously used
(Figure 7). Of a total of IS accidents, there were six
fatal accidents (II fatalities) involving guardrails. In five
of the fatal accidents, the vehicle went over the
guardrail; in one instance, the vehicle went around the
guardrail. The guardrail completely stopped the vehicle
from going through the gap in only five cases, and these
cases involved the newer design.
Collision with Entrance Posts and Wing Walls Of
29 accidents, there were nine fatal (nine fatalities), 16
injury, and four non-injury accidents. Twelve of the
accidents involved collision with the right-hand entrance.
At all of these twelve locations, the shoulder narrowed
at the bridge (Figure 8). Only two of the remaining 17
accidents, which involved the left-hand entrance,
involved a bridge which had a full-width shoulder. Light
and visibility conditions appeared to be a contributing
factor. Only nine of the 29 accidents (and one of the
nine fatal accidents) occurred during daylight. Three of
the nighttime fatal accidents were attributed to the
driver going to sleep. The high severity of accidents
involving upstanding, unyielding objects such as the end
of a bridge rail or wing wall would be expected. In the
majority of locations where guardrail was provided, it
was not attached to the bridge (Figure 9) to prevent
"pocketing". In the newer installations, the guardrail is
attached as shown in Figure 10 and should reduce
severity of these accidents.

--
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TABLE .2.

INTERSTATE AND PARKWAY BRIDGE-RELATED ACCIDENTS (i97 2 and 1973)
TYPE OF ACCIDENTS AND SEVER!TY

NUMBER OF

ACCIDENT DESCR!PTION

ACCIDENTS

SEVERITY
INDEX

Cqllision with Bridge· Pier

27

5.65

Ungu�rded Pier

14

7.00

ll

4.77

Guarded Pier
Guardrail

Earth Mound
. Gap between.Bridge Openings
Hit Wall
. . . Hit Guardrail
Col!isiO\I with.Bridge:Entrance Post or <W ing Wall

2

1.00

20

7.32

5

. 8.30

IS

7.00

29

6.67.

125

2.16

Icy Condition s

60

1.50

Wet Conditions

16

1.78

4
3

8;00

Collision with Bridge Railing or C urb

Also Hit Vehicle
Went Through or Over Wall
Collision with Bridge Railing and Guardrail
Icy.Coqditip!ls.•

Wet .Conditions

30

6.67
2;85

7

2.79

6

1.83

Collision with G)lardrail

96

2.61

Icy Comjitions

67
10

2.55

77

2.90

·

Wet Conditions

Collision with Another Vehicle

ley Conditions
. Wet Conditions
Did Not Hit Bridge, Guardr�il, pr Vehiple
Icy . Conditions

2.00

36

2.26

9

3.33

34

3.53

27

2.96

4

Figure 3.

Earth Mound at Center Pier.

Guardrail Shieklina at Center Pier.

5

Figure 5.

ges.
between Brid
Wall in Gap

Figure 6.

Gap between
Design at
New Guardrail

llridg"l'·

Figure

Fignre 8.

7.

Old Guardrail Design at Gap between Bridges.

Shoulder Narrowing at Bridge.

7

Figure 9.

Guardrail Not
Attached to
Bridge Ent
rance.

Figure 10.

Guardrail

Attached to
Bridge.
8

Collision with Bridge Railing or Curb -- This was
the

most

frequent

type

of

accident

and

was a

Vehicle -- Inclement

Collision with Another

weather conditions was a factor in 58.4 percent of this

low-severity type. The majority of these accidents (60.8

type of accident. Wet-road conditions were the cause

percent) occurred during inclement weather. The railing

of the only fatal accident. Lack of room was mentioned

design appeared structurally adequate; only three
accidents (one fatality) involved a vehicle going through

on some of these accident reports; the driver could not

or over the railing. These three accidents (2.4 percent

-

and safety walk combination,

type of accident, drivers lost control and proceeded
ahead and into the median or off the shoulder. Icy

a design standard, did not provide good

conditions existed in 79.4 percent of these accidents.

of the total of this type) involved a semitrailer, bus,
and sedan. The curb
formerly

avoid another vehicle because the bridge was narrow.
Did Not Hit Bridge, Guardrail, or Vehicle - In this

redirectional qualities. The only other severe accidents
resulted when a vehicle was involved in a collision with
another vehicle as well as t he bridge.

Collision with Bridge Railing and Guardrail -- A
high percentage of these accidents occurred during icy
or wet conditions (43.3 percent). The average severity
was not high. There was only one fatal accident which

Roadway and Environmental Conditions

road

·-

The

character, road surface, and light conditions

associated with bridge�related accidents are presented in
Table 3.

The percentages of these accidents were

compared to all accidents on the interstate and parkway

system (4). The percentage of accidents related to road
character was very similar to that found for the total

resulted when the driver was thrown from his vehicle

system.

when it overturned after striking a guardrail.
Collision with Guardrail Most of these accidents

surface and light conditions. The percentage of accidents
which occurred during snowy or icy conditions (45.7

involved a driver losing control of his vehicle on an icy
bridge and then striking a guardrail. Icy or wet
conditions were a factor in 80.2 percent of the
accidents. In three accidents, the driver lost control after
hitting the "bump" at the end of the bridge. In the

percent) was considerably higher than that for the total
system (17 percent). Also, the percentage of
non-daylight accidents (53.5 percent) was above the
corresponding percentage for the entire system (40
percent). The percentage of non-daylight accidents

only fatal accident, the driver was thrown from his car.

which involved icy conditions (64.5 percent) was above
that of all bridge-related accidents which shows that the

--
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BRID01.l-RELAT1-lP
ACCIDENTS

Level
On.Grade

On Jlill

Crest

Straight
Curve

DrY

Wet

Snciwy

cir

paylight
busk or

ley

Dawn

PERCENTAGE
OF TOTA:l
ACCII)ENTS

S5.8
'\2.7
•1.4

57
41.
2

83.1
!6,9

85
15

3?,'1
IK8
J45i7

21
17

J\i:S

7;3
46;2

62

60

4
36
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Higb Accident Location Bridges

problem of ice-related accidents is greater at nigbt.

-

To determine if

there were any bridges which have had a particularly

The total accident costs associated with snowy or
economic benefits of

high accident experience, sites were ranked acc
. ording

eliminating snow and ice were computed from the 1973

to number of occurrences (Table 4). A higb accident

icy conditions

and

(or)

the

National Safety Council's average accident costs; there

bridge was defined as one which had seven or more

were 134 property-damage-only accidents at $500, 113

accidents

injuries at $3400, and two fatalities at $82000. This

locations met this criteria. These locations had a total

yields $615,200 or a cost of about $300,000 annually.

of 111 accidents of which 58 (52.3 percent) were at

in

the

two-year study

period (5).

Nine

nigbt and 71 (64.0 percent) during icy conditions. All

Attempts to alleviate the hazards from ice on
bridge decks with warning signs have been moderately

locations were overpasses, and

successful. Investigation of three locations where "Ice

shoulders. Only one of the bridges was located on a

on Bridge" signs were placed as part of the higb accident

curve, but there was a grade approaching five of the

location and spot improvement program indicated some

locations.

accident reduction. Seven icy-condition accidents the

bridges

year

accidents had a low severity (SI

However,

icy�condition

accidents

had full-width

The main similarity between the accidents on these

year before placement of the signs reduced to two the
after.

none

have

was

the existence

of icy conditions. The
=

2.24); most of ti1em

continued to occur at two of the locations in the

involved loss of control on an icy bridge and hitting

Bridge rr signs,

the railing or guardrail. A few severe injury accidents

activated by detectors in the bridge decks, have been

resulted from hitting the entrance end of the safety rail

installed at two locations. Problems with the detectors

or another vehicle after losing control on the ice. There

succeeding

years.

Flashing "Ice

on

have made operation undependable -- one is now being

were no fatal accidents. The percentage of non-daylight

activated manually. Accidents during icy conditions have

accidents which involved icy conrlitions (78.6 percent)

continued to occur at these locations in spite of the

was

flashing signs.

bridge-related accidents. This migbt indicate that those

above

the

corresponding

percentage

for

all

bridges are unusually susceptible to icing at night.

TAllLE 4.

INTERSTA-TE AND PARKWAY HIGH-ACCIDENT BRIDGES3

LOCATION
ROUTE
1.'65
l-65
1-'?5

I- 71
164

MP

116.0
128.1
97.7

32.4
26.8

30.8

I 75 ·
I 7S

]35.2

I .64

54.0

1'_64

55,7

TOTAL
ACCIDENTS

DESCRIPTION
Salt RiVer Overpass
Rallroa� Oyerpass
Clays Ferry- Bridge
�ailfoad Overpass
OVe�pass .
Laurel Rjver Overpass
Double Culvert R_oad
Overp�ss
Overpass
KentUcky. River ·overpass·

DAR&NESS

22

WET
C ONDITIONS

6

5

5

3

16

9

16
13
10

7

13

9

13

7

8

9

2

9

4

4

8

6

7

6

7

Ill

58

71

·

Totals

ICY
C ONDITIONS

8

I
0
0
I

Sl
2,23

"4.06
1.47

J.38
1.75
'2.78

1.83
2.69
1.62
17

2.24

aseven · or' more accidents ln two years (1972 and 1973)

10

A unique situation which may not be directly
related to the bridge was found at the Salt River
overpass on I 65 (Kentucky Turnpike). A toll plaza is
located north of the bridge, and traffic sometimes backs
up onto the bridge. This resulted in several rearMend
collisions. The lack of a full-width shoulder on the
bridge may have reduced the possibility of avoiding a
collision.
PRIMARY AND SECONDARY IDGHWAYS
Number of Accidents MM A summary of accidents
is given in Table 5. The percentage of bridge-related
accidents was considerably less on primary and
secondary highways than on interstates and parkways.
This seems to be related to the smaller number of
bridges per mile (kilometer) on the primary and
secondary system (about 0.3 bridges per mile (0.19
bridge< per kilometer)} as compared to the interstate and
parkway system (about 0.7 bridges per mile (0.43
bridges per kilometer)). Bridges were involved in 2.9
percent of all accidents and 3.6 percent of fatal
accidents. Accidents involving bridges resulted in 3.8
percent of all fatalities and 3.7 percent of all injuries.
As on interstates and parkways, the severity of
a
bridge-related accidents was shown to be high
severity index of 3.26 compared to 2.86 for all
accidents. The severity of bridgeMrelated accidents on
primary and secondary highways (SI 3.26) was almost
identical to the bridge-related accidents on the interstate
3.24).
and parkway system (SI
··

=

Type of Accidents -- A summary of the types of
accidents and their severity is given in Table 6.
Discussions of each type of accident follow.
Collision with Bridge Pier -- There were only nine
reported accidents of this type. Four were fatal
accidents. The pier had no guardrail in seven of the
accidents -- three were fatal accidents. In the other fatal
accident, the vehicle hit the approach terminal of the
guardrail, become airborne, and turned over.
Collision with Bridge Entrance Post or Wing Wall
-- This type of accident was the most severe. The high
severity resulted from direct collision with entrance
posts or wing walls; none of the 27 fatal accidents of
this type involved guardrail protection (Figure II). A
very high percentage of these accidents occurred at night
(61.3 percent). This may indicate a need for additional
signing and roadway delineation.
Collision with Bridge Railing or Curb -- As on
interstates and parkways, this was the most frequent
type of accident. Inclement weather, particularly icy
conditions, accounte,d for a large percentage of the
accidents (43.9 percent). This type of accident was not
usually severe. The exceptions were accidents where the
vehicle went through the bridge railing or hit another
vehicle on the bridge. Also, a few fatalities occurred
when the vehicle turned over or hit a tree. The bridge
railing in some cases consisted of ordinary guardrail
(Figure 12). Several fatal accidents resulted because of
inadequate containment by the railing.

=

TABLE 5.

PRIMARY AND SECONDARY IDGHWAY .ACCIDENTS

BRlDGE-RELATED ACCIDENTS

ALL
ACCIDENTS

PERCENT OF
ALL ACCIDENTS

NUMBER
42 COuNTIES

1972

293

2.9

6392

237

3.7

2.86

3.26

Total Accidents
Injuries
Severity Index

10003

Fatal Accidents

1720

62

Fatalities

1967

75

.ALL COQNTIES

-

1972 and 1973
3.6
3,8

1I

PRIMARY AND SECONDARY BRIDGE-RELATED ACCIDENTS
TYPE OF ACCID ENT AND SEVERITY

ACCIDENT DESCRIPTION

CoiJisior)

NUMBER OF

SEVERITY

ACCIDENTS

INDEX

(1972

-·

42 COUNTIES)

FATAL ACCIDENTS

(1972 and 1973)
(ALL COUNTIES)

.wlth .._Bridge Pier

Unguarded -• Pier
GuardeL. ,Pjer
Collisiop with Bridge Entrance Post or Wing Wall

Collision with Bridge Railing or Curb
ley Conditions

Wet. Conditions
\Yertt Through or Over Railing
Also . Hit Vehicle

5
2
42
82
25
II
8
14

5 .4 0
5.25
5.65
2.64
1.94
2.23
4.50
3.71

6
3
12
4
5
65
21
ll

1.83
1.83
2.12
!.62
3.20
2.38
2.07
2.00

29
10
50
6
.8
25

3.88
3.70
3.35
3.30
1.83
3.00
2.56

5

5.40

2

9.50
9.50

3
I

27
14

9

CoJ1lsion wi(h Bridge Railing and
·

G u ardrail
Wet Conditions
Collisi<>n with Guardrail
.

ley · Conditions

Wet Conditions
Collision with Another Vehicle
Icy Conditions
Wet.•-conditions
Did Not !;!it Bridge, Guardrail,
O r. Vehicle
ley Coirditions
·

Wet· Conditions
Onc•Lane Bridge
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Collision with Bridge Railing and Guardrails-- Only
seven accidents of this type occurred where guardrail
had been used in conjunction with bridges. A single fatal
accident resulted when the occupants were thrown from
their vehicle.
Collision with Guardrails Most of these accidents
(75.0 percent) involved a driver losing control of the
vehicle on an icy or wet bridge and then striking a
guardrail. There were two fatal accidents. Orte involved
a vehicle jumping the guardrail; in the other, the vehicle
went through the guardrail.
Collision with Another Vehicle This was another
common type of accident. The two primary causes were
icy or wet conditions (49.2 percent) and a narrow
bridge. Two fatal accidents resulted when the drivers
lost control on the icy or wet surface and slid into the
path of an oncoming vehicle. In one fatal accident, a
driver pulled out of a side road which was loCated next
to a bridge and collided head-on with a vehicle
proceeding over the bridge. Two fatal accidents wefe
head�on collisions caused by intoxicated drivers.
Did Not Hit Bridge, Guardrail, or Vehicle As on
interstates and parkways, icy or wet conditions were the
cause of the majority of these accidents (69.0 percent).
One�Lane Bridge �� A number of one-lane bridges
(Figure 13) exist on the secondary systems. As would
be expected, the most frequent type of accident
involved two vehicles meeting on the bridge. Severe
accidents resulted when a vehicle ran off the roadway.
Five fatal accidents were attributed to the absence of
safety rails. (Note: These were not specifically identified
as being on state-maintained roads.) Three fatal
accidents were the result of creeks overflowing bridges.
An overweight truck fell through a bridge deck and
resulted in another fatal accident.
Investigation of six locations where 11Narrow
Bridge11 signs were installed as part of the high accident
location spot improvement program showed that signing
does alleviate this problem. There were 41 accidents
before compared to 27 accidents after installation of
the warning signs.
Roadway and Environmental Conditions - The
percentages of bridge-related accidents ordered
according to road character, road surface, and light
conditions is given in Table 7. These percentages were
compared to values found for all state police reported
accidents on the primary and secondary system. The
only difference found with respect to road character was
the percentage of fatal accidents on curves (47.5
percent) -- it was higher than for the entire system (33
percent). The percentage of wet-weather ac�idents (31
percent) was slightly higher than that for the entire
sytem (23 percent). The percentage of accidents which
occurred during snowy or icy road surface conditions
was only four percent for the total system compared
--

--

to 19.6 percent for bridge-related accidents. The
percentage of bridge-related accidents which occurred at
night (43.4 and 54.8 percent) was also shown to be
much higher than for the total system (27 percent).
High Accident Location Bridges -- A listing of
bridge locations which had three or more accidents in
1972 is given in Table 8. This was an effort to determine
if any similarities existed between bridges with the
higher numbers of accidents. The Ohio River bridge in
Henderson County stands out as having a very high
number of accidents. This location consists of two
parallel, two-lane bridges. The problem appears to be
caused by icy conditions.
The eleven bridges had a total of 67 accidents, of
which 31 (46.3 percent) were at night and 33 (49.3
percent) during icy conditions. All of the bridges were
overpasses. None had wide shoulders. Three of the
locations were one-lane bridges. Only two of the bridges
wer�. located on a curve; six were on a grade or hill
crest
·

--

-

Figure 13.

One-lane Bridge.
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PRIMARY AND SECONDARY BRIDGE-RELATED &'ill TOTAL ACCIDENTS
ROADWAY AND ENVIRONMENTAL CONDITIONS

TABLE 7.

PERCENT AGE OF

PERCENTAGE OF BRIDGE·RELATED

BRIDGE-RELATED ACCIDENTS

FATAL ACCIDENTS (1972 and 1973)

(1972 - 42 COUNTIES)

(ALL 120 COUNTIES)

PERCENTAGE OF TOTAL ACCIDENTS
(1972 and 1973)

(ALL

120 COUNTIES)

Level

64.9

75.4

59

On Grade

3l .l

21.3

36

4.0

3.3

5

Straight

68.2

52.5

67

Curve

31.8

47.5

33

On Hill Crest

o,

49.4

67.7

73

Wet

3LO

30.7

23

Snowy or Icy

19.6

1.6

4

Daylight

52.9

40.3

69

3.7

4.9

4

43.4

54.8

27

Dusk or Dawn
Dark

TABLE 8.

PRIMARY AND SECONDARY illGHWAY BRIDGE LOCATIONS WJ:m TI:IREE OR MORE ACCIDENTS
IN 1972 (42 COUNTIES)
LOCATION
ROUTE

COUNTY
Henderson
Henderson
Daviess

us
us
us

4!

19.0

Ohio River Bridge

22.7

Green River Bridge

60

7.7

Overpass

8.7

Overpass

33

15

21

4

3

2

3

5

4

4

l

0

3.8

Overpass

3

2

0

1.9

Railroad Overpass

3

0

0

0

0.1

Overpass

3

1

3

0

Tyrone Bridge

3

1

I

I

One�Lane Bridge

3

1

0

0

0

1

Old US 25E

One-Lane Bridge

3

Bourbon

Peacock Road

One-Lane Bridge

3

2

67

31

Anderson

3

2

2
2

4

Bell

Mclean

WET
CONDITIONS

DARKNESS

Hopkins

Hopkins

ICY
CONDITIONS

ACCIDENTS

us 231
us 231
us 62
us 431
us 62
KY 481

Daviess

I

TOTAL
DESCRIPTION

60

(Bypass)
Daviess

"'

MP

23.6

Totals

1

0

33
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DISCUSSION, SUMMARY, AND
RECOMMENDATIONS
I.

2.

3.

8.

accidents

were

a

significant

on

divided

14 has not proven to be sufficient. There were

parkways.

various types of shrubbery used, as shown in Figure

The lesser number of bridges per mile (kilometer)

14, and obviously, some will be more effective than

on the primary and secondary highway system,

others. Guardrail protection was found to be only

together with generally lower traffic volumes and

partially effective although the newer design, which

speeds,

to be related, perhaps on a

involved a longer guardrail section, appears to be

probability basis, to the fewer accidents involving

much more effective than previous designs. The

appeared

bridges on those systems as compared to the

guardrail should be at least 200 feet (60 meters)

numbers of bridges and accidents on interstates and

long to minimize the likelihood of a vehicle running

parkways.

behind the guardrail into the drop-off between the

The

severity

of

bridge-related

accidents

was

bridges

(8).

Use

of

a

chain-link

fence

vehicle-arresting system has been tested and could

(9)

The severity of bridge-related accidents on primary

provide an alternate method of protection

and secondary highways was almost identical to the

Figure IS shows the layout of one such installation.

accidents

on

the

interstate

and

Shubbery,

Collisions

mires,

earth revetments,

and

.

crash

cushions seem worthy of further consideration.

with entrance posts and wing walls

resulted in more fatalities than other accidents

7.

bridges

barrier is necessary; shrubbery as shown in Figure

parkway system.

6.

parallel

percentage of the total accidents on interstates and

bridge-related

5.

between

built to close this gap, some type of arresting
Bridge-related

generally higher than the severity of all accidents.
4.

Openings

highways are recognized hazards. When a wall is

9.

The high percentage of nighttime accidents suggests
a problem with visual perception of the structure

involving other features of bridges. Inadequate

ahead. Reflective paint on entrance posts and

protection from direct collision with rigid elements

safety rails

at bridge entrances, particularly on primary and

visibility and has been used. Coatings as provided

would provide improved nighttime

secondary highways, resulted in high severity. Lack

in

of adequate shoulder width resulted in the large

structures improve nighttime perception of the

Special

Provision

No.

99-A

for

concrete

number of accidents. Where paved shoulders are

bridge. At locations where guardrails delineate the

provided, a means of alerting errant drivers by

entrance,

means of grooved sections or raised rumble strips

delineators on the guardrail would alert drivers. On

reflectorized

paint

or

reflective

on the shoulder in advance of the bridge would

primary and secondary highways, object markers

be desirable.

should be placed in advance of the bridge

The small percentage of accidents which occurred

Where paved shoulders narrow at overpasses, raised

on overpasses having full-width shoulders illustrated

pavement

the benefits obtained when this safety feature was

advance of the bridge may be an addition to the

added.

reflective paint. Several fatal accidents resulted

markers

placed

on

the

(10).

shoulder in

Guardrail protection at bridge piers has proven less

when the driver fell asleep and hit the entrance

than totally effective. The recently adopted Median

post. The rumble

Breakaway Cable Terminal (MBCT) may alleviate

markers could help this problem. Appendix A

this

problem

(6).

A

very

limited

accident

experience involving earth mounds piers emerged

effect

of running over the

shows the results of some trial raised marker
layouts.

during the study period. Further use of earth in
this way may be warranted. Energy absorbing
barriers, such as Fitch Inertial Barriers or HI- DRO
Cushions,

provide

another

alternate.

Another

impact attenuating device consists of a steel drum
crash cushion which smoothly transitions to a
concrete median barrier (7).
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10.

delineation (such as reflective paint) could reduce

There was an exceptionally high percentage of
accidents

which

resulted

conditions,_ particularly

from

on

the

snowy

or

interstate

icy

accidents. Improved guardrail designs would reduce

and

the severity. lt has been shown that guardrail can
also reduce accidents through improved delineation

parkway system. This is attributable to icing of the
bridge decks. This commonly occurs on the bridge
decks

while

the

approach

pavement

remains

I11).
12.

and secondary highway bridges. In some cases it

interstates and parkways which occurred during

consists of guardrail. Some fatal accidents resulted
from the apparen� absence of railing on some

snowy or icy conditions resulted in an accident cost
of

$300,000

been moderately successful.
Particular

attention

is

invited to primary and

secondary bridges with curved approaches because
of

the

occurred

high
at

one-lane bridges. (Note: These were not specifically

annually. Attempts to alleviate the icy

bridge problem by installing warning signs have

11.

The bridge railing was inadequate on some primary

ice-free. During the study period, accidents on

number of fatal accidents which
this

type

of location.

Figure 14.

Improved

identified as being state-maintained.)

13.

One-lane

bridges

remaining

on

the

secondary

system constitute a recognized hazard. Warning
signs were shown to be essential. Of course, the
most

effective

solution

would

be

to

replace

deficient bridges.

Shrubbery ahead of Wall between Bridges.
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Figure 15.

Layout of Trial, Chain-link Fence, Vehicle-Arresting System.
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Two different raised pavement marker layout
systems were tested. Both systems would start 500 feet
(150 meters) in advance of the bridge and would be
placed on the right-hand shoulder. Diagrams of the
systems are shown in Figures AI and A2. The tests were
conducted on an unstriped section of roadway where
there would be no interference from traffic.
The system shown in Figure A I consists of a line
of raised markers which begins at the outside edge of
the shoulder and gradually approaches the edge of the
lane. Spacings (s) of 10 feet (3 meters) (51 markers)
and 20 feet (6 meters) (26 markers) were used. Both
a highly reflective prismatic-type and a lower reflective
acrylic-rod-and-reflex-reflector-type marker were used.
Photographs of this marker system are shown in Figures
A3, A4, and AS. The 20-foot (6-meter) spacing was
·
adequate, and both types of markers provided good
visibility.
The system shown in Figure A2 consists of a series
of diagonal lines of markers. The lines consist of five
markers in the full-width shoulder section. The number
of markers decreases as the full-width shoulder begins
to narrow. Spacings of 50 feet (15 meters) (50 markers)
and 100 feet (30 meters) (27 markers) were used

·

(Figures A6 and A 7). Both types of markers were used.
The 100-foot (30-meter) spacing gave adequate
delineation with either marker type. This layout had the
advantage of providing more of a rumble effect when
several of the lines were crossed.
The costs of both layout systems were almost
identical. The cost of markers for the larger spacings
would be about $25 for the prismatic markers and $13
acrylic-rod-reflector-type markers. The
for the
acrylic-rod markers had adequate brightness and have
the added advantage of providing more daytime
delineation. Considering the lower cost, this type marker
(Type II in Kentucky specifications) might be preferred
in areas with no lighting. In areas with lighting, the
prismatic marker (Type III) should be used. This system
of marking (large spacing) could be installed by state
personnel for a cost of under $50 per bridge approach.
The design shown in Figure A2 was selected by
most observers as being the most effective. The spacings
should be reduced to 80 feet (24 meters) to give the
maximum delineation. With a total distance of 480 feet
(146 meters), 32 markers would be needed (Figure A8).
The cost of installation would still be under $50 per
bridge approach.
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500'

(152m)

s

Figure Al.

Line of Markers Beginning at Outside Edge of Shoulder and Gradually
Approaching the Edge of the Lane.
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Figure A2.

Series of Diagonal Lines of Markers, Tapered Toward Bridge Entrance.
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Figure A3.

Figure A4.

Acrylic-rod-andReflector-Type
Markers for Use at
where Full-width
Bridge Approach
Shoulder Narrows
(l(J.foot (3-meter)
spacing).

Prismatic-Type Mark
ers for Use at
Bridge Approach
Shoulder Narrows
where Full-w idth
(HJ.foot (3-meter)
spacing).
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Figure AS.

Acrylic-rod-and-Reflector-Type Markers for Use at Bridge Approach
where Full-width Shoulder Narrows {20-foot (6-meter) spacing).

Figure A6.

Lines of Acrylic-rod-and-Reflector Type Markers for Use at Bridge
Approach where Full-width Shoulder Narrows (50-foot {IS-meter)
spacing).
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Figure A7.
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